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Abstract 
The exceeding temperature at Near Field Transducer (NFT) is a mandatory issue in Heat Assist Magnetic Recording (HAMR). It 
significantly affects both system performance and lifetime. We believe that light reflection off the recording medium could 
contribute to the temperature rise in the NFT. In this paper, we study light behavior from the NFT output to the media in terms of 
powers, using 3-D simulation. We found that the light reflection off the recording layer has certain effects on media absorption 
rate and NFT coupling efficiency. An increase in the NFT temperature is partly induced by the reflected light. When the surface 
roughness is included, the reflected power to the NFT obviously decreases. The average absorption rate is reduced more than 
50%. The maximum absorption rate and smallest coupling efficiency occurs at the roughness Ra = 0.55 nm. 
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1. Introduction 
Heat Assist Magnetic Recording (HAMR) is one of recording technologies that is promising to be 
commercialized in near future. Active research topics on HAMR involves mainly on efficiency improvement. Near 
field transducer (NFT) is a critical component in HAMR. It helps confine and enhance the light into a sub-diffraction 
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limited spot before coupling into the recording media. During these processes, light is confined to the NFT tip via 
surface plasmon phoenomena (LSP) and then propagates to the media. Some part of the light is absorbed by the 
media while some is reflected off the media. Increasing the input power and the induced LSP effect can probably 
cause the temperature rise that results in NFT damage, which leads to head failure1,2. Medium absorption and light 
reflection characteristics may thus be the important factors to determine efficiency of the NFT. Therefore, our goal 
in this research is to investigate the behaviors of light reflection absorption in NFT and recording media. 
2. Modeling Parameters
We use an RF module in COMSOL Multiphysics, a Finite Element Method (FEM) simulator, to perform our
modeling. The 3-D simulation model consists of 830 nm wavelength laser source placing on the top of Planar Solid 
Immersion Mirror (PSIM) waveguide3. The core and cladding are made from Tantalum pentoxide (Ta2O5) and
Silicon dioxide (SiO2). The core thickness is 100 nm. The gold (Au) lollipop NFT is placed near the core at the end 
of waveguide. The thickness of the NFT is 20 nm. The fly height (air gap) is varied between 2.5-5 nm. For the 
recording layer, 10 nm thick Iron Platinum (FePt) is chosen due to its high anisotropy characteristic. The 15 nm 
thick Magnesium Oxide (MgO) soft underlayer (SUL) is located under the recording layer offering stronger write 
field. The bottom layer is 80 nm thick gold which works as a heat sink. The schematic of the simulation model is 
shown in Fig. 1 (a) Optical properties of materials are shown in table 1. Note that, these values are determined at 
830 nm.  
Fig. 1. (a) Schematic of PSIM with media; (b) Zoom in of recording medium with surface roughness 
Table 1. Refractive index of materials3
Material Refractive Index (n)
Tantalum pentoxide (Ta2O5) 2.11
Silicon dioxide (SiO2) 1.46
Iron Platinum (FePt)
Magnesium Oxide (MgO)
Gold (Au)
3.42+2.67i
1.72
0.2+4.94i
To gain more understanding on light behavior, we also study the effect of medium surface roughness (Ra) shown 
in Fig 1 (b). The actual media surface contains some roughness; therefore, understand its relationship to light 
behavior can possibly improve the NFT efficiency and prevent thermal radiation. The roughness model is created by 
the uniform sawtooth profile defined in Eq. 1, where n is the length and Zi is the roughness curve
4. The base width
of each triangle is 10 nm and the height is varied between Ra = 0.3–0.8 nm. These values are simply assumed to 
observe detailed response in the region of interest. 
n
i
i=1
1
Ra = Z
n¦ (1) 
(b)(a)
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The absorption rate and coupling efficiency are figures of merit applied in this paper. We express the absorption 
rate as Eq. 2 and the definition of coupling efficiency5 is expressed in Eq. 3. Note that, the surface area of interest is 
50x50x10 nm3.
  3 Power hit at the FePt surface area of 50x50x10 nmAbsorption rate %  x 100 
Power coupling on NFT
 (2)
  Power coupling on NFTCoupling efficiency %  x 100 
Incident power
 (3)
3. Results and Discussion
We measure the figures of merit and compare the results between the media-free case with the recording media 
case. Fig. 2 (a) shows the absorption rate as a function of air gap. For the infinite air gap, the absorption rate is 
highest near the tip and slightly attenuates along the distance around 0.04% in every 0.5 nm. When the recording 
media is presented, the absorption rate clearly increases but rapidly decreases between 2.5 -4 nm air gap. Fig. 2. (b) 
shows the coupling efficiency as a function of air gap. The coupling efficiency of the infinite air gap is around 
1.11% since there are no media in the NFT vicinity, while that of the recording media is slightly higher except at 3.5 
nm air gap. The results suggest that there is a small light reflection off the recording medium. This reflected light 
interacts with the transducer tip, causing field scattering and somewhat affecting the NFT itself. Fig. 3 presents the 
example of reflected power distribution at 2.5 nm air gap. The power reflection can also be simply calculated by 
subtracting 1.11% coupling efficiency of the medium-free case from that of the recording media case along the gap. 
Therefore, the reflection is likely to increase when the gap is over 4 nm, suggesting the reduction of the absorbed 
power to the medium. This finding agrees well with the decrease of the absorption rate in Fig. 2. (a). It can be 
inferred from the absorption rate plot that the strong resonance, which may be induced by localized surface plasmon 
resonance (LSPR) between tip and recording medium, possibly occurs within the air gap of 2.5-3.5 nm. However, 
the weak field occurring from the LSPR over 4 nm gap causes a power reduction. Since the actual manufacturing air 
gap is at least 3 nm. We thus choose 3 nm air gap to study the effect of roughness.  
Fig. 2. (a) The absorption rate as a function of air gap; (b) The coupling efficiency as a function of air gap 
Fig. 4. (a) and (b) present the absorption rate and the coupling efficiency at different (Ra) , respectively. The 
results show that both efficiency and absorption rate strongly depend on the roughness. The average absorption rate 
of the media reduces more than 50% compared with that of the flat surface. The average coupling efficiency is also 
less than 1.11%. The results in most roughness levels indicate inverse relationship between absorption rate and NFT 
coupling efficiency. The amount of reflected light tends to decrease with increasing media absorption. Since the air 
gap is only 3 nm, the reflected light is most likely to propagate back to the NFT. It is believed that the maximum or 
minimum absorption is probably resulted from phase matching at the air-medium interface, in particular, between 
(a) (b) 
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the incident light and surface roughness. In this study, the maximum absorption, and probably the phase match, 
occurs at Ra = 0.55 nm. The incident light interaction with surfaces of varied roughness levels can be witnessed by 
amplitude fluctuations in both graphs. 
Fig. 3. Reflected power distribution at 2.5 nm gap
Fig. 4. (a) Absorption rate for different Ra; (b) Coupling efficiency for different Ra 
4. Conclusion
In this paper, we investigate light behavior from the NFT to the recording media for flat and rough surfaces. We
prove that for the flat surface, some part of the reflected power propagates back to the NFT. The reflected power is a 
potential factor that gives rise to the temperature of NFT, especially below the 4 nm air gap. For the case of 
roughness surface, the roughness seems to reduce the reflected power reaching the NFT. In our study, the smallest 
reflected power and highest media absorption are achieved at Ra = 0.55 nm. These results suggest that the 
absorption rate can be optimized by designing the proper range of roughness.  
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